Unit  9 – The Chemical Bond

	Time Frame
	5 weeks

	Competencies
	

	C1.  
	Understand how atoms combine.

	C2.
	Demonstrate understanding of chemical bonds and how they relate to the properties and uses of compounds.


MOLECULAR AND EMPIRICAL FORMULAS

Time Frame:
3 sessions

I.
Learning Objectives

At the end of the sessions, the students must be able to:

1. Distinguish between molecular and empirical formulas of a compound, 

2. Determine the empirical formula of a compound, given its percentage composition,

3. Determine the molecular formula of a compound, given its empirical formula and molar mass.

II.
Subject Matter

A. Topic: Molecular & Empirical Formulas
B. References

1. Department of Education, Culture and Sports. (1991). Science and Technology III. Quezon City: Book Media Press, pp 267 ff. 

2. Brown, Theodore L., LeMay, H. Eugene Jr., and Bursten, Bruce E., (2000). Chemistry the Central Science.  New Jersey: Prentice Hall, pp. 47-60.

3. Le May, E., Beall, H., Robblee, K. M. &. Brown. D. C. (1996). Chemistry Connections to Our Changing World. New Jersey: Prentice Hall pp. 251-253, 564..

4. Magno, M. C., Tan, M. C. & Punzalan, A. E. (2000). Chemistry Science and Technology for a Better Life. 3rd ed. Metro Manila: Diwa Learning Systems, Inc.

5. The Science Education Center. (1982). Practical Chemistry.  Quezon City: Science Education Center.

III.
Learning Tasks

A. Recall/Motivation

1. What is the difference between an ionic compound and a molecular compound?

B. Lesson Proper

1. Discussion/Concept Formation

a. If there are four brothers and sisters in a family and there is only one large hotcake, how should it be divided for each to have equal share?  (1/4)

b. What proportion (in percentage) of the whole hotcake did each one get?  (25%)

c. What is percentage composition?
(The mass of each element in a compound compared to the entire mass of the compound multiplied by 100 percent is called the percentage composition of the compound expresses the proportion or percentage of each element present)  The percentage of each element is calculated from:
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d. What is the percent composition of the elements in H2O?

Solution:

i. One mole of H2O contains 2 moles H atoms and 1 mole O atoms.  Express these in mass (g) by multiplying number of moles of each element by its atomic mass:


H:
2 moles of H atoms x 1 g/mole
=
2 g 


O:
1 mole of 0 atoms x 16 g/mole
=
16 g 









Total mass of 1 mole H2O
=
18 g




% H =
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e. Determine the percentage composition of NaCl.

2. Agreement:  Determine the percentage composition of NH3, CO2 & HCl.
YOU MAY END SESSION 1 AT THIS POINT.

3. Activity: Discuss the assignment
4. Concept Formation/Discussion

a. What is an empirical formula?  (An empirical formula gives the simplest whole number ratio of the atoms of the elements present in a compound.)

b. What is a molecular formula?  (The molecular formula gives the actual number of each kind of atoms present in a molecule or formula unit of a compound.)

c.  Given the molecular formula N2O4, what is the empirical formula of this compound?  (NO2)

d. Given the percentage composition of a compound, can you calculate the 1) empirical formula and 2) molecular formula if the molar mass of the compound is given?  (Yes)

e. Solve:  Find the empirical and molecular formulas of a compound that contains 4.90 g nitrogen  & 11.2 g oxygen.  The molar mass of the compound is 92.0 g/mol.

Solution:

i. Convert mass to mole for each element by dividing with its atomic mass.

Atom
Mass

Atomic mass
No. of moles 

 

N

4.90
(
14
=
0.35 



O

11.20
(
16
=
0.70
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ii. Find the simplest atomic ratio by dividing number of moles by the largest common denominator found (0.35 in this case)

mole ratio


N:
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0.35

  =  1


O:

[image: image10.wmf]0.70

0.35

=  2

iii. Express the formula in terms of the simplest whole number atomic ratio obtained; the empirical formula is therefore, NO2.

iv. To find the empirical mass, base it on the empirical formula:



Empirical mass:  14 + (2) (16)
=
46 g. mole-1
v. To find the molecular formula, divide the molar mass by the empirical mass.  The quotient is the factor by which the subscripts in the empirical formula must be multiplied to get the actual number of each kind of atoms in a molecule or formula unit of the compound.
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Molecular formula  =  2 x empirical formula

Molecular formula  
N2O4  (dinitrogen tetroxide)

5. Agreement

The explosive, TNT is composed of 37.0% Carbon, 2.20% hydrogen, 18.5% nitrogen, and 42.3% oxygen.

a. Determine the empirical formula of TNT.

b. The molar mass for TNT is 227 g/mol.  What is the molecular formula of TNT?

YOU MAY END SESSION 2 AT THIS POINT.

6. Activity: Discussion of agreement
The explosive, TNT is composed of 37.0% Carbon, 2.2% hydrogen, 18.5% nitrogen, and 42.3% oxygen.

a. Determine the empirical formula of TNT

b. The molar mass for TNT is 227 g/mol.  What is the molecular formula of TNT?

Solution:

· Convert mass to mole

Atom

%
 Atomic mass

mole


  C:

37
(
12
=
3.08


  H:

2.2
(
1
=
2.2


  N:

18.5
(
14
=
1.32


  O:

42.3
(
16
=
2.64


· Get the mole ratio by dividing by the moles of each element by the smallest number of moles.

C:
3.08
(      
1.32
=
2.33

H:
2.2   
( 
1.32
=
1.66

N:
1.32
(
1.32
=
1

O:
2.64 
(
1.32
=
2

· Multiply each quotient by a common factor so that whole number ratios are obtained.  For this case, the factor is 3.

C:
2.33  x 3  =  7

H:
1.66  x  3 =  5

N: 
1       x 3  =  3

O:
 2      x  3 =  6

· Empirical Formula  =  C7 H5 N3O6  

· To determine molecular formula, get the ratio of molar mass to empirical mass.


Empirical mass  = (7  x 12  + 5  x 1  + 3  x 14  +  6  x 16 )  =  227  g/mol





[image: image13.wmf]

 EMBED Equation.3  [image: image14.wmf]227

227

 

=

 

 

mass

 

Empirical

 

mass

Molar

 =  1


The factor 1 means the molecular formula and empirical formula of the compound are the     same.



Molecular Formula
=
C7 H5 N3 O6
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